Studies on the Renal and
Cardiovascular Effects of
Electromagnetic Field Exposure in
Rats
Thesis
Submitted in partial Fulfillment of M.D. Degree in Basic
Medical Science (Physiology)

By
Noha Nooh Lasheen

Assistant Lecturer in Physiology Department
Faculty of Medicine, Ain Shams University

Supervised by

Prof. Dr. Fatma Ahmed Mohamed
Professor of Prysiology
Faculty of Medicine, Ain Shams University
Prof. Dr. Azza Abdel-Hameed Ahmed
Professor of Prysiology
Faculty of Medicine, Ain Shams University
Dr. Bataa Mohamed Aly El- Kafoury

Assistant Professor of Physiology
Faculty of Medicine, Ain Shams University

2011



sepll pan Il atll gy

oeiall ¢ a2ia Lgaal oyl alil €95
oslazs Loy allly sy yn lell Lgol

%

o
V)

glarll alll yom

alalaalliygn (1) g3y &80




-
To 91/[); Tami[:y l



il gall (i) s A
Jeally s ity e dulalita g <!l
O AR (B (59l
O Aadie Al
O T o (o fAankal)

5 s) il ausy e Lisall s 5]

Y ddall & glall 631 g0l ds e Jsanll Ak g
(L st sl

r8) yd) Caad
daaa daa| dalald [5 ) gial) BALLLY)
o sl sl aniy MY
ek (e Azl —aball 4408
daaf aaal) Ao 3 e [5 giSal) ALY

o sb i) andy JELY)
o (e daala —hall 48

&Jﬁ&\uiﬁ MAA;\.!:\L)/SJJSSJS\
s sl andy e Lusall LY
e (e Aaala -kl 441

Yol



ACKNOWLED GEMENT

First and foremost, | thank “4LLAH” who gave me
the strength to fulfill this work, as a part of his generous
help throughout my life.

| would like to express my sincere gratitude and
deepest thanks to ®Prof. Dr. Fatma Ahmed Mohamed,
Professor of Physiology, Faculty of Medicine, Ain Shams
University, for initiating, suggesting, planning this work
and for her meticulous supervision, helpful scientific
support, unlimited help and continuous guidance
throughout the whole work. Indeed, | am very privileged
and honored to have worked under her supervision.

Also, | am greatly honored to express my utmost
thanks to ®rof. Dr. Azza Abdel-Hameed Ahmed,
Professor of Physiology, Faculty of Medicine, Ain Shams
University for her great support and assistance
throughout this work.

| am profoundly grateful to Dr. Bataa Mohamed ALy
E[ Kafoury, Assistant Professor of Physiology, Faculty
of Medicine, Ain Shams University for her expert
guidance, keen supervision and sharp interest throughout
the entire work. Without her help and support this work
could not have been possible.

| would like to thank ®r. Gehan Ibrahim EI-
Salamony, Assistant Professor of Physiology, for her
unfailing assistance and for her support.

| would, also, like to extend my thanks and
appreciation to ®Prof. Or. Manal Hassan, Professor of
Histology and ®r. Hanan Mohamed Alaa, Assistant
Professor of Histology, Faculty of Medicine, Ain Shams
University, for their contributions in the histological
examinations included in the present study.




| would like to offer special thanks to ®rof. Dr.
Faten Diaab, Head of Physiology Department, Faculty
of Medicine, Ain Shams University, for her great support
and encouragement.

| would, also, like to thank all members of the
Physiology Department for their cooperation and support.

Last but not least, | would like to express my deepest
gratitude to my family, who helped and supported me
throughout this work.



List of Tables

Table Title Page
no.
Plasma urea level (mg/dL) in rats exposed to EMF for

1 : 101
either 4 weeks or 8 weeks.

2 Blood urea nitrogen level (BUN) (mg/dL) in rats exposed 102
to EMF for either 4 weeks or 8 weeks.

Plasma creatinine level (mg/dL) in rats exposed to EMF

3 . 103
for either 4 weeks or 8 weeks.

Plasma calcium level (mg/dL) in rats exposed to EMF for

4 _ 104
either 4 weeks or 8 weeks.

5 Plasma inorganic phosphorus level (mg/dL) in rats 105
exposed to EMF for either 4 weeks or 8 weeks.

Plasma calcium/phosphorus ratio in rats exposed to EMF

6 . 106
for either 4 weeks or 8 weeks.

7 Cumulative table showing changes in plasma levels of
urea, blood urea nitrogen, creatinine (mg/dL) in the | 107
different studied groups.

8 Cumulative table showing changes in plasma levels of
calcium, inorganic phosphorus (mg/dL) and plasma | 108
calcium/phosphorus ratio in the different studied groups.

Heart rate (beats/min.) in rats exposed to EMF for either

9 109
4 weeks or 8 weeks.

Systolic blood pressure (mmHg) in rats exposed to EMF

10 . 110
for either 4 weeks or 8 weeks.

11 ECG parameters; voltage of P, R, T waves (uV) and 111
duration of QRS complex, PR interval and corrected QT
interval (QT_c) (msec.) in 4 weeks-control group.

12 ECG parameters; voltage of P, R, T waves (uV) and 112
duration of QRS complex, PR interval and corrected QT
interval (QT.c) (msec.) in 4 weeks-1lhr/day exposure
group.

13 ECG parameters; voltage of P, R, T waves (uV) and 113
duration of QRS complex, PR interval and corrected QT
interval (QT.c) (msec.) in 4 weeks-2 hrs/day exposure
group.

14 ECG parameters; voltage of P, R, T waves (uV) and 114

duration of QRS complex, PR interval and corrected QT
interval (QT.c) (msec.) in 4 weeks- 3 hrs/day exposure
group.




15

ECG parameters; voltage of P, R, T waves (uV) and
duration of QRS complex, PR interval and corrected QT

interval (QT_c) (msec.) in 8 weeks-control group.

115

16

ECG parameters; voltage of P, R,T waves (uV) and
duration of QRS complex, PR interval and corrected QT

interval (QT.c) (msec.) in 8 weeks-1hr/day exposure
group.

116

17

ECG parameters; voltage of P, R, T waves (uV) and
duration of QRS complex, PR interval and corrected QT

interval (QT.c) (msec.) in 8 weeks-2 hrs/day exposure
group.

117

18

ECG parameters; voltage of P, R, T waves (uV) and
duration of QRS complex, PR interval and corrected QT

interval (QT.c) (msec.) in 8 weeks-3hrs/day exposure
group.

118

19

Cardiac weights, absolute and relatives weights (mg,
mg/g), of atria (At), right ventricle (RV), left ventricle
(LV) and whole heart (WH) in 4 weeks-control group.

119

20

Cardiac weights, absolute and relatives weights (mg,
mg/g), of atria (At), right ventricle (RV), left ventricle
(LV) and whole heart (WH) in 4 weeks-1 hr/day
exposure group.

120

21

Cardiac weights, absolute and relatives weights (mg,
mg/g), of atria (At), right ventricle (RV), left ventricle
(LV) and whole heart (WH) in 4 weeks-2 hrs/day
exposure group.

121

22

Cardiac weights, absolute and relatives weights (mg,
mg/g), of atria (At), right ventricle (RV), left ventricle
(LV) and whole heart (WH) in 4 weeks-3 hrs exposure

group.

122

23

Cardiac weights, absolute and relatives weights (mg,
mg/g), of atria (At), right ventricle (RV), left ventricle
(LV) and whole heart (WH) in 8 weeks-control group.

123

24

Cardiac weights, absolute and relatives weights (mg,
mg/g), of atria (At), right ventricle (RV), left ventricle
(LV) and whole heart (WH) in 8 weeks-1 hr/day
exposure group.

124

25

Cardiac weights, absolute and relatives weights (mg,
mg/g), of atria (At), right ventricle (RV), left ventricle
(LV) and whole heart (WH) in 8 weeks-2 hrs/day
exposure group.

125




26

Cardiac weights, absolute and relatives weights (mg,
mg/g), of atria (At), right ventricle (RV), left ventricle
(LV) and whole heart (WH) in 8 weeks-3 hrs/day
exposure group.

126

27

Plasma renin activity (ng/ml/hr) in rats exposed to EMF
for either 4 weeks or 8 weeks.

127

28

Cumulative table showing changes in heart rate
(beats/min.), systolic blood pressure (mmHg) and plasma
renin activity (ng/ml/hr) in the different studied groups.

128

29

Cumulative table showing changes in ECG parameters;
voltage of P, R, T waves (uV) and duration of QRS
complex, PR interval and corrected QT interval (QT.c)
(msec.) in the different studied groups.

129

30

Cumulative table showing changes in cardiac weights,
absolute and relatives weights (mg, mg/g), of atria (At),
right ventricle (RV), left ventricle (LV) and whole heart
(WH) in the different studied groups.

130

31

Plasma total antioxidants capacity (mM/L) in rats
exposed to EMF for either 4 weeks or 8 weeks.

131

32

MDA level in renal tissue (umol/gm wet tissue) in rats
exposed to EMF for either 4 weeks or 8 weeks.

132

33

MDA level in cardiac tissue (umol/gm wet tissue) in rats
exposed to EMF for either 4 weeks or 8 weeks.

133

34

Cumulative table showing changes in plasma total
antioxidants capacity (mM/L), and MDA level in renal
and cardiac tissue (umol/gm wet tissue) in the different
studied groups.

134

35

Changes in the red blood count (RBC), hemoglobin
content (Hb) and hematocrite value (Hct) in the different
studied 4 weeks groups.

135

36

Changes in the red blood count (RBC), hemoglobin
content (Hb) and hematocrite value (Hct) in the different
studied 8 weeks groups.

136

37

Cumulative table showing changes in red blood cells
count (RBC), hemoglobin content (Hb) and hematocrite
value (Hct) in the different studied groups.

137




List of Figures

Figure Title Page
no.
la, b | Forms of radiations. 6,7
2 Various cellular targets of radiofrequency. 23
A suggestive mechanistic pathway of EMF exposure
3 on biological systems. 25
4 Harvard rat tail blood pressure monitor system. 55
5 The cuff assembly. 56
6 Rat inside the restrainer. 58
Plasma levels of urea, blood urea nitrogen and
/ creatinine (mg/dL) in the different studied groups. 138
Plasma calcium level (mg/dL), inorganic phosphorus
8 level (mg/dL) and plasma calcium/phosphorus ratio | 139
in the different studied groups.
Heart rate (beats/min.), systolic blood pressure
9 (mmHg) and plasma renin activity (ng/ml/hr) in the | 140
different studied groups.
ECG tracings of rats exposed to EMF for 4 weeks
(prolonged QRS duration in 2hrs/day group and | 141
10 higher R voltage & prolonged QRS duration in
3hrs/day groups relative to control group).
ECG tracings of rats exposed to EMF for 8 weeks
(prolonged QRS duration in 1hr/day group, decreased | 142
11 heart rate, prolonged PR interval, prolonged QRS
duration and higher R and T voltage in 2 hrs and 3hrs
/ day groups).
Changes in voltage of R and T waves (uV) and | 143
12 duration of QRS complex (msec.) of the ECG tracing
of the different studied groups.
Changes in PR interval, corrected QT interval (msec.)
13 in the different studied groups. 144
Changes in the absolute and relative weights of the
14 whole heart, left ventricle and right ventricle (mg, 145
mg/gm) in the different studied groups.
Plasma total antioxidants capacity (mM/L) and tissue
15 MDA levels (umol/L) in kidney and heart in the | 146

different studied groups.




Changes in red blood cell count (RBC’s), hemoglobin

16 content (Hb) and hematocrite value (Hct) in the | 147
different studied groups.
Photomicrograph showing rat kidney of control

17 group. 148
Photomicrographs of the 4 weeks-exposure groups

18 showing renal changes. 148
Photomicrographs of the 8 weeks-exposure group

19 showing renal changes. 149

20 Photomicrographs of control rat cardiac muscle.

150

Photomicrographs of 4 weeks-1hr & 2hrs/day

21 exposure groups showing cardiac changes. 150
Photomicrographs of 4 weeks-3hr/day & 8 weeks

22 exposure groups showing cardiac changes. 151
Photomicrographs of the cardiac myocytes in the 8

23 o yocyt 151

weeks-2 hrs & 3 hrs/day exposure groups




Page

TR o o [ ex £ o] o PO 1

AIM 0f the WOrK....ouvvniiiiiiiiiiiiiiiiiiiiiieniinnnaes 3
Review of Literature.....cccceeeeeeeieneniniienininenenenennene. 4

-Electromagnetic SPeCtrum...ccceeieeiiniinrnenieennisaninnnnn. 5
-Radiofrequency Exposure LevelS....ccceveeienienennnn... 9
-Electromagnetic Fields and Human Health............. 12
-Electromagnetic Field-Tissue Interaction............... 14

-Biological Effects of Exposure to Electromagnetic Field
Renal Effects of Exposure to Electromagnetic

=] o OSSP 26
Cardiovascular Effects of Exposure to Electromagnetic
=] [« PO PPN 30
Other Biological Effects of Exposure to Electromagnetic
[ T=] [0 PO PTPPPPRt 35
Materials and Methods......ccccceeeeeeeiicereienienrnennnnen. 49
RESUITS.ceeeeeiiiiiiiierreeeeeeeeeeeereeeneeieerinens 87
DISCUSSION. . eueeiereeerrnrererncneresecemmesensesasisnsonn 152
Summary & Conclusion......cceveiereieiiienernieenienne. 166
Recommendations......cceeeeeieieieiecncecerncecnienenienes 171
RETEIENCES. i eeeceereeeiiaes 172

ArabiC SUMMANY ..ccieiiiiiiiieieeeiiceeneeeeeeiieeaen. ---



List of Abbreviations

ABP: Arterial Blood Pressure.

ACTH: Adreno-Corticotropic Hormone.

ADA: Adenine Deaminase.

ADHD: Attention Deficit Hyperactivity Disorder.
BUN: Blood Urea Nitrogen.

CAPE: Caffeic Acid Phenethyl Ester.

CAT: Catalase.

EHS: Electromagnetic Hypersensitivity.

ELF: Extremely Low Frequency.

ELFMF: Extremely Low Frequency Magnetic Fields.

EMFs: Electromagnetic Fields.

EMR: Electromagnetic Radiation.

GH: Growth Hormone.

GSH: Glutathione reduced.

GSH-Px: Glutathione Peroxidase.

GSM: Global System for Mobile Communication.

HR: Heart Rate.

HRV: Heart Rate Variability.

IEI-EMF: Idiopathic Environmental Intolerance with
Attribution to Electromagnetic Fields.

MDA: Malondialdehyde.

NAG: N-acetyl- beta-d- glucosaminidase.

NO: Nitric Oxide.



PRA: Plasma Renin Activity.

RF: Radiofrequency.

RF/MW: Radiofrequency Microwave.

RF-EMR: Radiofrequency Electromagnetic Radiation.
RF-EMWs: Radiofrequency Electromagnetic waves.
RFFs: Radiofrequency Fields.

RFR: Radiofrequency Radiation.

RIA: Radioimmunoassay.

ROS: Reactive Oxygen Species.

SAR: Specific Absorption Rate.

SMF: Static Magnetic Field.

SOD: Superoxide Dismutase.

Ts: Triiodothronine.

T4 Thyroxin,

TBA: Thiobarbituric Acid.

TCAA: Tricholoroacetic acid.

TSH: Thyroid Stimulating Hormone.

UV: Ultra Violet.

W/Kg: Watt per Kilogram.

XO: Xanthine Oxidase.



Introduction

Introduction

The use of cell phones is currently one of the fastest
growing technological developments, and, together with the
increasing number of associated base stations, have become
a widespread source of non-ionizing electromagnetic
radiation (EMR) (Oktem et al., 2005). Ozguner et al.

(20054 p ¢, d.e) stated that electromagnetic fields (EMFs) are

a documented form of stress, and could possibly, therefore,
have detrimental health effects. Further, Yurekli et al.
(2006) reported that some biological effects were likely to
occur even at low-level EMF.

Bortkiewicz (2001) had proposed that the growing
number of cell phone users and numbers of inhabitants
living in the vicinity of base stations would raise the
interest in studying the effects of emitted electromagnetic
fields on living organisms.

Health endpoints reported to be associated with
extremely low frequency and/or radiofrequency include
childhood leukaemia, brain tumors, genotoxic -effects,
neurological effects and neurodegenerative diseases,

Immune system deregulation, allergic and inflammatory
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